Three experiments were conducted to determine the optimum standardized ileal digestible Val-to-Lys (SID Val:Lys) ratio for 13-to 32-kg pigs. In Exp. 1, 162 pigs weaned at 17 d of age (8 pens/treatment) were used, and a Val-deficient basal diet containing 0.60% l-Lys·HCl, 1.21% SID Lys, and 0.68% SID Val was developed (0.56 SID Val:Lys). Performance of pigs fed the basal diet was inferior to a corn-soybean meal control containing only 0.06% l-Lys·HCl, but was fully restored with the addition of 0.146% l-Val to the basal diet (68% SID Val:Lys). In Exp. 2, 54 individually housed barrows (21.4 kg) were utilized in a 14-d growth assay. Pigs were offered a similar basal diet (1.10% SID Lys), ensuring Lys was marginally limiting with no supplemental l-Val (55% SID Val:Lys). The basal diet was fortified with 4 graded levels of l-Val (0.055% increments) up to a ratio of 75% SID Val:Lys. In Exp. 3, 147 barrows (13.5 kg) were fed identical diets, only with 1 additional level at a SID Val:Lys of 80% and fed for 21 d. In Exp. 2 and 3, a high protein, control diet was formulated to contain 1.10% SID Lys and 0.20% l-Lys·HCl. In Exp. 2, linear effects on ADG (713, 750, 800, 796, and 785 g/d; P = 0.05) and G:F (P = 0.07) were observed with increasing SID Val:Lys, characterized by improvements to a ratio of 65% and a plateau thereafter. In Exp. 3, quadratic improvements in ADG (600, 629, 652, 641, 630, and 642 g/d; P = 0.08) and G:F (P = 0.07) were observed with increasing SID Val:Lys, as performance increased to a ratio of 65% but no further improvement to a ratio of 80%. Pigs fed the control diet did not differ from those fed a ratio of 65% SID Val:Lys in Exp. 2, but did have improved G:F in Exp. 3 (P = 0.03). To provide a more accurate estimate of the optimum SID Val:Lys, data from Exp. 2 and 3 were combined. With single-slope broken-line methodology, the minimum ratio estimate was 64 and 65% SID Val:Lys for ADG and G:F, respectively. With combined requirement estimates, the data indicate that a SID Val:Lys of 65% seems adequate in maintaining performance for pigs from 13 to 32 kg.
INTRODUCTION
Interest in Val nutrition for growing pigs has been increasing rapidly since the original work conducted by Jackson et al. (1953) and Mitchell et al. (1968) . Economic and environmental pressures have obligated nutritionists to develop low protein diets that deliver performance equivalent to traditional formulations. An understanding of the optimal Val requirement or ratio relative to Lys is one obstacle to achieve this objective. In comparison, Val has received more attention in lactating sow diets because the optimal Val-to-Lys ratio is considered greater for milk synthesis (NRC, 1998) , where, in practical corn-soybean meal diets for sows, Val has been proposed as the second limiting AA (Touchette et al., 1998) .
In 10-kg pigs, Mavromichalis et al. (1998) suggested that Val is equally second-limiting with Thr, Trp, and Met in reduced protein corn-soybean meal-whey diets, and equally third-limiting with His, Ile, and Trp in sorghum-soybean meal diets (Brudevold and Southern, 1994) . More recently, it has been suggested that Val is fourth-limiting in corn-soybean meal-based diets for 8-to 20-kg pigs . The optimal Valto-Lys ratio has been estimated to be between 68% (NRC, 1998; Chung and Baker, 1992) and 75% of Lys (Wang and Fuller, 1989) . Recently, a standardized ileal digestible (SID) Val:Lys of at least 70% was estimated for 12-to 25-kg pigs (Barea et al., 2009 ) and 65 to 70% for 8-to 25-kg pigs (Wiltafsky et al., 2009) .
The practical implications of Val-to-Lys ratios are a constraint to aggressive crystalline AA in today's diet formulations, which allows for further reductions in the excretion of N into the environment. Historically, supplementation of crystalline Val has not been economically feasible; however, with advances in fermentation technology it has become competitive in nursery pig diets. As additional pressure continues to be applied to reduce N excretion, and thus to maximize crystalline AA use, knowing the optimal Val-to-Lys ratio is fundamental to achieving this goal. The objective of the current study was to further define the SID Val-to-Lys ratio necessary to maximize performance of modern, lean genotype nursery pigs fed low-protein corn-soybean meal diets.
MATERIALS AND METHODS
The research consisted of 3 experiments evaluating SID Val:Lys ratios in 13-to 32-kg barrows. All experimental procedures and animal care were approved by the University of Missouri Animal Care and Use Committee.
Exp. 1
This experiment was designed to develop a Val-deficient diet that could be fortified with l-Val to restore performance relative to a typical nursery diet. One hundred sixty-two barrows (EB × GP; Newsham Choice Genetics, West Des Moines, IA) were weaned at 17 d of age and fed a nutritionally adequate phase I diet containing 1.60% total Lys and 3.27 Mcal of ME/ kg for 7 d. Phase II diets contained 1.50% total Lys and 3.27 Mcal of ME/kg and fed for 14 d. Pigs were blocked by BW into 8 replicate pens of 6 or 7 pigs/pen in a randomized complete block design. Pens (1.2 × 1.2 m) consisted of a single nipple waterer and a feeder providing 1.0 m of trough space. Pigs were offered the experimental diets for 23 d with individual pig BW and feed disappearance recorded weekly to calculate ADG, ADFI, and G:F.
Exp. 2
Fifty-four individually housed pigs (PIC Camborough 23; Pig Improvement Company, Franklin, KY) were used to determine the optimal SID Val:Lys. Pigs were weaned at 17 d of age and fed similar diets as Exp. 1 until reaching a BW of 21 kg. Pigs were blocked by BW into 9 replicate pens in a randomized complete block design. Pens (1.2 × 1.2 m) consisted of a single nipple waterer and a feeder providing 1.0 m of trough space. Pigs were offered the experimental diets for 14 d with individual pig BW and feed disappearance recorded weekly to calculate ADG, ADFI, and G:F.
Exp. 3
One hundred forty-seven pigs (PIC Camborough 23) were used to determine the optimal SID Val:Lys. Experimental procedures were similar to Exp. 1. Nutritionally adequate diets were fed until a target BW of 13 kg. Pigs were blocked by BW into 7 replicate pens of 3 pigs/pen in a randomized complete block design. Pens (1.2 × 1.2 m) consisted of a single nipple waterer and a feeder providing 1.0 m of trough space. Pigs were offered the experimental diets for 21 d with individual pig BW and feed disappearance recorded weekly to calculate ADG, ADFI, and G:F.
Dietary Treatments
Diets (Table 1) were formulated on a SID basis using previously analyzed AA values of the ingredients and digestibility coefficients obtained from NRC (1998). The basal diet formulation was similar to that of Mavromichalis et al. (2001) where use of increased anounts of crystalline AA excluded soybean meal from the formulation, resulting in reduced dietary Val content. In Exp. 1, the basal diet contained 0.68% SID Val and 1.21% SID Lys, a quantity considered marginally deficient for pigs of this BW range (Yi et al., 2006; Kendall et al., 2008) , resulting in a SID Val:Lys of 56%. This was increased to 68% SID Val:Lys with the addition of 0.146% l-Val. Because of greater BW in Exp. 2, the basal diet was reduced to 1.10% SID Lys, ensuring Lys deficiency and creating a basal SID Val:Lys of 55%. In Exp. 2, graded levels of l-Val (0.055% increments) were added at the expense of corn to obtain between 55 and 75% SID Val:Lys (5 unit increments), whereas the ratio was extended to 80% in Exp. 3. In Exp. 2 and 3, a high-protein control diet was formulated to contain 1.10% SID Lys, but only 0.20% l-Lys·HCl. Additional crystalline AA were supplied as necessary to meet minimum AA ratio requirements according to the pattern of Chung and Baker (1992) with all diets formulated to be isocaloric (3.36 Mcal of ME/kg) and to meet or exceed the NRC (1998) recommended levels for minerals and vitamins.
Statistical Analysis
Data for each response criterion were analyzed by ANOVA using the GLM procedure (SAS Inst. Inc., Cary, NC) with dietary treatment (Exp. 1) or SID Val:Lys (Exp. 2 and 3) and replicate included in the model. The pen was considered the experimental unit for all experiments. In Exp. 1, differences between treatment means were separated by the PDIFF procedure. Statistical significance and tendencies were set at P ≤ 0.05 and P < 0.10 for all statistical tests. Linear and quadratic polynomial contrasts were used to evaluate increasing dietary SID Val:Lys in Exp. 2 and 3. An orthogonal contrast was used to assess the difference beValine-to-lysine ratio for nursery pigs tween control-fed pigs and pigs fed a ratio of 65% SID Val:Lys. Estimates of requirements for performance were determined by subjecting the pen mean data to least squares broken-line methodology (Robbins et al., 1979) , along with the asymptote of the quadratic fitted line.
RESULTS

Performance
In Exp. 1, pigs fed the Val-deficient basal diet had decreased ADG and G:F (P = 0.05) relative to pigs fed the control diet (Table 2) . However, growth performance was restored by the addition of l-Val to levels comparable with control-fed pigs.
In Exp. 2 (Table 3) , there were linear improvements in final BW (P = 0.05), ADG (P = 0.05), and G:F (P = 0.07) with increasing SID Val:Lys. Pig performance increased from the basal diet to 65% SID Val:Lys, with no further improvement thereafter. Pigs fed the control diet had similar performance to pigs fed the 65% SID Val:Lys diet. In Exp. 3, similar results were observed as in Exp. 2, with improvements in ADG (linear, P = 0.09; quadratic, P = 0.08) and G:F (linear, P = 0.03; quadratic, P = 0.07) to increasing SID Val:Lys (Table 
DISCUSSION
With estimates of an ideal Val:Lys of 68% by Chung and Baker (1992) and the NRC (1998), the optimal Val:Lys has been more of an experimental problem than of practical concern. Recently, however, greater availability and reduced cost of other crystalline AA have made it critically important to know the optimum Val:Lys. Research information on the Val requirement for nursery pigs has been relatively scarce, particularly for today's modern lean genotype pigs. However, recent studies indicated that the optimum SID Val:Lys can range from 65% (Wiltafsky et al., 2009 ) to 70% (Barea et al., 2009) , which are greater than previous estimates for nursery pigs. The lack of clear responses to graded levels of SID Val:Lys in nursery pigs reveals a need to further define these estimates. Accurate determination of Val requirement estimates is also of economic significance due to the costs of crystalline Val supplementation in commercial diets.
The development of a Val-deficient diet was essential to the success of the Val requirement trials. In Exp. 1, pigs fed the Val-deficient diet not only showed a reduction in performance compared with the positive control, but also demonstrated a restoration in performance when excess Val was supplemented. Because the pigs in Exp. 2 had an initial BW of 21 kg, modifications to the basal diet were necessary to ensure limiting Lys status, which is necessary in AA ratio studies. A fundamental tenet to establish an ideal pattern among AA is that the reference AA, Lys, must be marginally deficient and in the linear portion of the response curve (Gaines et al., 2005) . In the present research, the Lys requirement was defined for the genotype, BW, and facility location (Kendall et al., 2008) . Kendall et al. (2008) reported SID Lys requirement estimates of 1.33 and 1.35% for 11-to 19-kg pigs based on ADG and G:F, respectively, whereas for 11-to 27-kg pigs the re- Means within a row followed by different superscripts are different (P < 0.05). 1 Values represent the mean of 8 pens of 6 or 7 pigs during a 23-d feeding period. Additionally, the response to Val was similar for both experiments, considering differences in housing environment and initial BW. Although the basal diet contained an excess supply of Leu because of the greater corn inclusion, a branched-chain AA antagonism was not likely because the Leu:Lys was actually less than the control diet because of the CP content. An excess Leu supply has the potential to increase the requirement for the other 2 branched-chain AA (Barea et al., 2009) . A more likely possibility to explain the difference is the amount of dietary nonessential AA in these diets, where it has been demonstrated that in aggressive crystalline AA-fortified diets, both essential and nonessential AA supplementation may be required in 11-to 27-kg pigs (Kendall et al., 2004) . Kendall et al. (2004) reported that a minimum protein to Lys ratio (15 g of CP/g of SID Lys) is necessary to maximize growth performance. In Exp. 2 and 3, the basal diet contained 14 g of CP/g of SID Lys, indicating that a marginal deficiency in nonessential N may have been possible, particularly in lighter BW pigs. Data from Exp. 2 and 3 displayed reasonable consistency in terms of the response to added dietary Val. Thus, if nonessential N was limiting, it did not seem to affect the response to l-Val supplementation. In both experiments, ADG and G:F improved to a 65% SID Val:Lys, with a plateau through the greatest level. Therefore, normalizing the data and combining the 2 experiments was thought to provide the most comprehensive and accurate estimate of the optimal SID Val:Lys. Because the dietary treatments were identical, except for an additional level in Exp. 3, the data were expressed as the percentage maximal response to dietary SID Val:Lys within an experiment. This method of data analysis allows one to combine data sets of similar BW ranges and dietary levels without the influence of performance level within each experiment (Kendall et al., 2008) .
From these combined estimates, a minimum of 65% SID Val:Lys seems to be adequate in maximizing growth performance of nursery pigs. This is slightly less than 68% proposed by NRC (1998) and Chung and Baker (1992) . Data from the experiments herein are comparable with the 65 to 67% ratio reported by Wiltafsky et al. (2009) , but are considerably less than the 70% ratio reported by Barea et al. (2009) . There is a paucity of information on Val requirement estimates for modern lean genotype pigs (Warnants et al., 2001; , but for comparison purposes, estimates of the amount of Val required per unit of BW gain were calculated. From the current study, a requirement estimate of 12.3 g of SID Val/kg of BW gain is required to optimize BW gain, which is similar to the 12.5 g of SID Val/kg of BW gain reported by Mavromichalis et al. (2001) for 10-to 20-kg pigs. Data from Warnants et al. (2001) in 8-to 21-kg pigs estimated the Val needs at 11.1 g of SID Val/kg of BW gain, which is in close agreement with a recent estimate by Gaines et al. (2006) , indicating 11.3 g of SID Val/kg of BW gain in 10-to 20-kg pigs. Based on the aforementioned requirement studies, the amount of Val required per unit BW gain ranges from 11.1 to 12.5 g of SID Val/kg of BW gain. In recent estimates of the Lys requirement per unit of BW gain, Kendall et al. (2008) reported that 19.0 g of SID lysine/kg of BW gain was necessary to maximize performance for modern lean genotype pigs. Utilizing the SID Val/kg of BW gain estimates from the requirement studies, the optimal SID Val:Lys is not greater than 66%, which is in close agreement with our estimate for nursery pigs.
In corn-soybean meal diets, a 65% SID Val:Lys would indicate Val is the fourth-or fifth-limiting AA in diets for nursery pigs. This is in agreement with experiments utilizing corn-soybean meal-based diets (Russell et al., 1987; Figueroa et al., 2003; Gaines et al., 2006) , whereas studies that determined Val to be equally second-limiting (Mavromichalis et al., 1998) utilized corn-soybean meal-whey diets or equally third-limiting (Brudevold and Southern, 1994 ) evaluated sorghum-soybean meal diets. Subtle differences in the AA pattern of these different diet types likely contributed to the divergent results among those experiments.
In conclusion, the optimum estimate of 65% SID Val:Lys in the present research is only slightly less than previous NRC (1998) estimates and those of Chung and Baker (1992) . However, these small differences allow greater flexibility in diet formulation and indicate that Val is likely the fourth-or fifth-limiting AA in lowprotein corn-soybean meal diets for 20-kg pigs. A minimum SID Val:Lys of 65% is proposed to be adequate for maximal performance of nursery pigs fed low-protein corn-soybean meal diets. 
